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Objective: The effects of estrogen on comprehension of
metaphoric speech, word fluency, and verbal ability were
investigated in women suffering from schizophrenia. The
issue of estrogen-dependent neuropsychological perfor-
mance could be highly relevant because women with schizo-
phrenia frequently suffer from hypoestrogenism. Method:
A placebo-controlled, double-blind, crossover study using
17b-estradiol for replacement therapy and as an adjunct
to a naturalistic maintenance antipsychotic treatment
was carried out over a period of 8 months. Nineteen women
(mean age5 38.0 years, SD 5 9.9 years) with schizophre-
nia were included in the study. Comprehension of meta-
phoric speech was measured by a lexical decision
paradigm, word fluency, and verbal ability by a paper-
and-pencil test. Results: Significant improvement was
seen for the activation of metaphoric meaning during estro-
gen treatment (P 5 .013); in contrast, no difference was
found for the activation of concrete meaning under this con-
dition. Verbal ability and word fluency did not improve un-
der estrogen replacement therapy either.Conclusions: This
is the very first study based on estrogen intervention instead
of the physiological hormone changes to examine the estro-
gen effects on neuropsychological performance in women
with schizophrenia. In addition, it is the first time that
the effect of estrogen on metaphoric speech comprehension
was investigated in this context. While in a previous study
estrogen therapy as adjunct to a naturalistic maintenance
treatment with antipsychotics did not show an effect on psy-
chopathology measured by a rating scale, a significant ef-
fect of estrogen on the comprehension of metaphoric speech

and/or concretism, a main feature of schizophrenic thought
and language disturbance, was found in the present study.
Because the improvement of formal thought disorders and
language disturbances is crucial for social integration of
patients with schizophrenia, the results may have implica-
tions for the treatment of these individuals.
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Inroduction

Estrogen affects many actions in the brain putatively im-
plicated in multiple processes involving the regulation of
mood, cognition, and behavior in women with and with-
out neuropsychiatric disorders.1–6

In normal subjects, gender differences in various
aspects of behavior have been studied extensively.
They have been attributed to some extent to the putative
effect of the different endogenous sex steroids in men and
women, which play a role in neurodevelopment and sex-
ual differentiation. In regard to cognitive function, men
have been shown to perform better than women at ab-
stract reasoning, spatial visualization, and orientation
tasks whereas women show better results in verbal ability
and perceptual speed and accuracy tasks.1,7,8 Among the
verbal abilities, women are better in spelling, grammar,
rate of speech acquisition in childhood, and ability to
comprehend or decode language. A prominent task in
which women outperform men is verbal fluency. Women
also perform better than men in certain nonverbal tasks
such as tests of short-term memory that use either verbal
or pictorial stimuli and in tests of perceptual speed and
accuracy.9,10 Although numerous empirical data provide
evidence for sex differences for the aforementioned cog-
nitive functions, the fact that the frequency distributions
overlap considerably and the difference inmeans for the 2
sexes is not large—even if statistically significant—must
be considered.1

Studies of replacement therapy in postmenopausal
women also provide evidence for an effect of sex hor-
mones on cognitive functions. Estrogen has been shown
to prevent the normal age-related decline in cognition,
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especially in memory.11–18 In surgically menopausal
patients and in women with pharmacologically induced
estrogen deficiency, a significant benefit of estrogen re-
placement on cognition and/or memory was also demon-
strated.19–21 However, not all studies found an
improvement in cognition, which might be partly the re-
sult of methodological shortcomings and differences in
the paradigms that were employed.22–24 Although there
is evidence of an endocrinological effect on cognition,
there are also data demonstrating that ethnic differences,
socioeconomic status, experiential factors, training, and
attitudes have an impact on the performance in cognitive
tasks.25–31

In patients suffering from schizophrenia, gender differ-
ences have consistently been shown with regard to age at
onset, course of the disease, and expression of psychopa-
thology. Compared with men, the onset in women is 4–5
years later, when a flat peak for the first onset of schizo-
phrenia is seen between 25 and 29 years of age, and an-
other, less pronounced first-onset peak can be observed
in the age group between 45 and 49 years. Furthermore,
premenopausal women with schizophrenia respond bet-
ter to treatment and present with fewer negative symp-
toms and more affective and positive symptoms than
men. However, the findings in regard to gender differen-
ces in neuropsychological functioning in schizophrenia
are inconsistent.32–40 It has been hypothesized that estro-
gen raises the vulnerability threshold due to its putative
antipsychotic-like effect and postulated to exert a protec-
tive effect in women with schizophrenia.41–43 Therefore,
schizophrenia occurs less often in premenopausal women
than in men because women physiologically produce
more estrogen. There is some evidence from studies in
women with schizophrenia of disease onset being ob-
served predominantly when estrogen levels drop, ie, be-
fore or during menstruation, after childbirth, and in the
pre- or perimenopausal period when estrogen production
decreases—although direct evidence is still limited in this
area and only very few controlled studies have been
conducted.44

Studies have also shown that psychopathological
symptoms vary during the menstrual cycle and that the
therapeutically required dose of antipsychotics negatively
correlates with the cycle phase and estrogen levels.45–47 In
addition, a therapeutic effect of estrogen has been
reported; however, the results from the few clinical trials
in which estradiol is administered in women with schizo-
phrenia are not consistent in this regard.48,49

Clinical and animal studies have demonstrated what
could be the basis of the protective effect of estrogen
in schizophrenia. In addition to their genuine, hormonal
function in the gonadal axis, estrogens exert various
effects on the brain.50–53 Various research groups have
shown that estrogens modulate certain neurotransmitter
systems, not only the dopaminergic system, but also the
serotonergic, GABAergic, noradrenergic, and choliner-

gic systems.4 Estrogen also exerts neurotrophic and neu-
roprotective effects that are mediated by nongenomic as
well as by direct and indirect genomic pathways.54,55

Estrogens circulate freely and are bound to albumin or
to sex hormone–binding globulin or conjugated as sul-
fates or glucuronates. Free estrogens—about 3% of the
circulating estrogens—are lipophilic, freely traverse cell
membranes, and are therefore biologically active.
In schizophrenia, widespread deficits in comprehen-

sion, production, attention, and cerebral lateralization
of language are evident.56,57 A main feature of schizo-
phrenic language and thought disturbance is concretism,
the inability to understand themeaning of metaphors and
proverbs. Schizophrenic patients typically understand
the literal but not the underlying metaphoric meaning
of proverbs and metaphors.58–67 Allthough concretism
is routinely tested during clinical interviews, it is rarely
described in modern psychiatric textbooks and only
few studies focusing on this issue can be found in the re-
cent literature.63–65 Indeed, impaired language compre-
hension skills are likely to have significant impact on
social interaction in patients with schizophrenia.66

In the clinical context, concretism is tested by asking
the patient to explain a proverb presented by the inter-
viewer67–69; however, this method has limitations for re-
search as regards reliability and practicability.64,70

Therefore, tests for assessing concretism were developed,
and experimental approaches were defined.63,64,71

Our study is based on these research approaches. In
this context, we introduced the lexical decision paradigm
to study comprehension of metaphoric speech and/or
concretism in women with schizophrenia using estrogen
as an independent variable. We hypothesized that estro-
gen replacement in women suffering from schizophrenia
is associated with better performance in comprehension
of metaphoric speech, ie, a reduction in concrete thinking
(‘‘concretism’’). Furthermore, we postulated that estro-
gen improves verbal ability and word fluency in women
with schizophrenia, as was shown in healthy subjects.

Methods

Study Design

To address these questions, neuropsychological tests
were applied as part of a previously reported intervention
study in which patients received an estrogen-progestin
combination drug.49 A placebo-controlled, double-blind,
3-time crossover study with 17b-estradiol as a hormone
replacement therapy (HRT) and adjunct therapy to a nat-
uralistic antipsychotic maintenance treatment was car-
ried out over a period of 8 months. Figure 1 shows the
study design. The crossover design was chosen because
it is assumed that estrogen has a short-term effect on psy-
chopathology and neuropsychological tasks.45 This de-
sign also has advantages in terms of increasing the
statistical power.
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Neuropsychological tests were conducted during the
periovulatory phase (day 10–12) of months 6 and 8.
The differences in the serum estrogen levels between
drug and placebo phases are presumed to be the greatest
during this period. In this mid-cycle period, under physi-
ological conditions in healthy, menstruating women,
17b-estradiol increases to up to 350 ng/ml; under HRT,
an increase in the 17b-estradiol levels of at least over
150 ng/ml was expected. In contrast, in womenwith schizo-
phrenia not receiving HRT, low levels of 17b-estradiol
have been observed in various studies.45,73,74

The study was performed in accordance with the Dec-
laration of Helsinki of 1964 (edition from the 41st World
Medical Assembly in Hong Kong in 1989), the Good
Clinical Practice on Medicinal Products in the European
Community (111/3976/88-EN-July 1990), Germany’s
Guidelines for Clinical Trials (‘‘Grundsätze für die
ordnungsgemäße Durchführung der klinischen Prüfung
von Arzneimitteln,’’ Bundesanzeiger 243: 16618; 1987),
and the stipulations of German Law on Medicinal Prod-
ucts (‘‘Arzneimittelgesetz,’’ AMG §§ 40–42). The proto-
col was approved by the local Research Ethics
Committee at the University of Heidelberg. The study
was registered with the Regional Government Adminis-
tration (‘‘Regierungspräsidium’’; No. 63-28/3404.9-6) in
Karlsruhe and the GermanResearch Council (‘‘Deutsche
Forschungsgemeinschaft,’’ SFB 258).

Patients

Twenty-four patient women suffering from schizophre-
nia who were consecutively admitted to the Department

of General Psychiatry, Heidelberg University Hospitals,
and in whom disease had sufficiently remitted after the
acute phase participated in the trial. The earliest point of
sufficient remission was reached 6 weeks after acute ex-
acerbation of the schizophrenic disorder and when the
patient achieved a sum-score of <30 on the Brief
Psychiatric Rating Scale (BPRS).75 In addition, the
following inclusion criteria were defined for study entry:
first or a further episode of schizophrenia sensu Interna-
tional Statistical Classification of Diseases, 10th Revi-
sion, and Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, criteria; hypoestrogenism
(17b-estradiol plasma level � 30 pg/ml in the follicular
phase on cycle day 2–4 and �100 pg/ml in the periovu-
latory phase on cycle day 10–12); woman between 16
and 67 years of age; cooperation; and informed consent.
The following exclusion criteria were defined: alcohol
and drug dependence, family history of breast carci-
noma, oral contraceptives within the past year, estrogen
replacement therapy longer than 3 months within the
past year, mastodynia, pregnancy and breast feeding,
treatment-resistant schizophrenia, and relevant comor-
bidity such as Parkinson disease or severe respiratory,
renal, hepatic, hematological, or endocrinological
disease.
The mean age of the women was 37.3 years (SD = 9.6;

range: 23–60 years). The mean duration of illness was
7.4 years (SD = 8.0), and all patients suffered from para-
noid schizophrenia. Nine patients were unemployed,
2 were fully employed, 3 were employed part-time,
3 were in occupational therapy, 5 were housewives,
2 were retired, and 1 was a student. Fifteen patients
were single, 4 married, 3 divorced, and 2 widowed. Nine-
teen patients lived under normal conditions at home,
4 lived in therapeutic settings, and 1 patient had been hos-
pitalized for a longer period of time. The sample was re-
duced by 2 dropouts who did not participate in both
sessions. Another 3 patients were excluded because
they did not show the expected relation between the
17b-estradiol plasma levels during drug treatment and/
or placebo phase (see below), most likely because of non-
compliance. The mean age of the 19 patients who com-
pleted the study was 38.0 years (SD = 9.9; range: 24�60
years). The mean age at onset of the disease was 29.9
years (SD = 10.5). On average, they had suffered from
schizophrenia for 8.4 years (SD = 8.4; range: 0.5�24

Fig. 1. Study Design.

Table 1. Mean Values and SDs (M 6 SD) of 17b-Estradiol and
Other Hormones in Women With Schizophrenia (n = 19) During
the Periovulatory Phase of the Menstrual Cycle Under Active
Drug (Estrogen Replacement) and Placebo Conditions; Normal
Reference Values for the Periovulatory Phase According to
Klinga72; Differences Between Active Drug and Placebo
Conditions and the Effect of Time Were Calculated by Means of
Random-Effect Regression Analysis

Hormone

Normal
Reference
Values

Active
Drug Placebo P

17b-Estradiol
(pg/mL)

150–350 192 6 91 56 6 57 <.001

LH (mU/mL) 30–80 4.3 6 6.4 10.6 6 11.4 .011
FSH (mU/mL) 2–14 6.8 6 10.7 16.1 6 22.8 .044
Prolactin (mU/mL) 70–410 1169 6 1060 891 6 933 .009
Testosterone
(pg/mL)

200–600 399 6 155 469 6 247 .466

DHEA-S (ng/mL) 350–4300 2439 6 967 2448 6 997 .717

Note: LH, luteinizing hormone; FSH, follicle-stimulating
hormone; DHEA-S, dehydroepiandrosterone sulfate.
The P values in the table are the results of Wald tests of the drug
effect.

1174

N. Bergemann et al.



years) and were hospitalized 1.9 times (SD = 3.4; range:
1�14 years).

Medication

During the drug (estrogen) treatment phase, a relatively
high dose of 17b-estradiol was to be given in addition to
the antipsychotic medication. To meet this requirement,
Trisequens plus Estrifam (both by Novo Nordisk Phar-
ma, Bagsværd, Denmark) were administered. Trisequens
is an HRT preparation with a 3-phase estrogen-progestin
combination including the following compounds:

� blue-coated tablet: 17b-estradiol 2 mg (follicular
phase),

� white-coated tablet: 17b-estradiol 2 mg þ norethister-
one acetate (NETA) 1 mg (periovulatory phase),

� red-coated tablet: 17b-estradiol 1 mg (luteal phase).

17b-estradiol is a naturally occurring form of estro-
gen, and NETA is a synthetic form of progesterone. A
progestogen—in this case in the form of NETA—is re-
quired as part of HRT to prevent endometrial cancer.
Trisequens is a sequential form of a combined HRT,
ie, this estrogen is taken continuously and progesterone
is added for a small portion each month. The blue-coated
tablets taken in the first 12 days of each cycle contain only
estradiol; the white-coated tablets taken for the next
10 days of each cycle contain both estradiol and norethis-
terone; and the red-coated tablets taken for the last 6 days
contain just estradiol. This type of HRT is more suitable
for women who still have a period, most likely irregularly
as it usually results in a monthly withdrawal bleeding to-
ward the end of the white-coated tablet phase or while
taking the red-coated tablets.
Estrifam contains 2 mg of 17b-estradiol as the medi-

cally active component. It was added to Trisequens in
the follicular and periovulatory phases to obtain a higher
dose of estradiol during these phases.
During the placebo phases, a placebomedication of the

same appearance was administered. In accordance with
a naturalistic study design, the antipsychotic medication
was given without predefining the drug or dose. It in-
cluded clozapine in 7 cases, risperidone in 5, flupenthixol
and fluphenazine in 2 cases each, and perphenazine, hal-
operidol, and sertindole were administered in 1 case each.
The patients received this nonstandardized antipsychotic
medication as required by the individual psychopatho-
logical condition and all other state-of-the-art interven-
tions in terms of care, diagnosis, and therapy.

Blood Specimens and Laboratory Analyses

Blood samples were taken in the morning between 8:00
and 9:00 AM. The following laboratory parameters
were assessed: 17b-estradiol, luteinizing hormone (LH),
follicle-stimulating hormone (FSH), prolactin (PRL),

testosterone, progesterone, and dehydroepiandrosterone
sulfate (DHEA-S). An electrochemical luminescence im-
munoassay was used for laboratory analysis of all param-
eters (Roche Elecsys 2010 immunoassay analyzer). In
addition, for safety reasons routine laboratory parameters
were monitored—complete blood count, liver enzyme
profile, renal plasma clearance, thyroid-stimulating
hormone—and an electrocardiogram and electroenceph-
alogram were carried out.

Paradigms and Material

We selected verbal abilities for analysis because of their
functional relevance and because they are sensitive to es-
trogen. Verbal ability was measured by 3 different tests
from the ‘‘Leistungsprüfsystem’’ (LPS), a well-known
German-language paper-and-pencil performance test de-
veloped by Horn.76 The LPS is a standardized neuropsy-
chological test with extensive normative data. It measures
a ‘‘verbal factor’’ with the aspects of recognition vocab-
ulary and ‘‘word fluency’’ with its components ‘‘word ac-
tivation’’ and ‘‘word recognition,’’ partly equivalent to
subtests by Thurstone.77 In LPS subtests 1 and 2, the sub-
ject needs to find the misspelled letter in given words; the
2 tests are scored together. In LPS subtest 5, words are
presented in which the letters are in the wrong order,
and the subject needs to recognize the true word and
mark its first letter. LPS subtest 6 measures ‘‘word flu-
ency’’; the subject needs to produce as many words as
possible with a given letter within a defined period of
time.
Concrete thinking was measured by a lexical decision

paradigm according to Spitzer et al.63 This experimental
procedure is supposed to be more sensitive than other
methods of testing concrete thinking, such as question-
naires. The comprehension of auditorily presented sen-
tences with metaphoric content (‘‘primes’’) was
measured according to the lexical decision subsequently
made between a word and a nonword (‘‘targets’’), assum-
ing that the ‘‘semantic priming’’ of the metaphoric con-
tent affects the time span under the various experimental
conditions, ie, concrete, metaphoric, nonrelated words,
and nonwords. Sixty metaphoric sentences that are
part of standard language were selected from the dictio-
nary. The metaphoric sentences had the general structure
‘‘subject-predicate-object’’ (or adverbial adjunct) and, in
the majority of cases, ended with a concrete noun. The
patients had to decide whether a word is a German
word with meaning or a nonword by pushing different
buttons on the keyboard of the computer. The word
was shown for 400 milliseconds on the screen 1200
milliseconds subsequently to an orally presented meta-
phoric sentence. The nonwords were orthographically
possible words; however, they did not exist in theGerman
language. In most cases, they were created by changing
2 letters of an existing German word. The words either
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related to the concrete meaning or to the literal meaning
of the metaphoric sentence or they had no relationship to
it. The timewasmeasured between the presentation of the
word until the patient made the decision ‘‘word or
nonword.’’

Three words and 3 nonwords were attached to each of
the 60 sentences so that comparable stimulus material
was available for both conditions, tests during the active
drug phase and the placebo phase. The concrete and ab-
stract priming effects were operationalized as follows.

� Concrete priming effect: reaction time to the nonre-
lated word minus reaction time to the concrete related
word.

� Abstract priming effect: reaction time to the nonrelated
word minus reaction time to the abstract related word.

In previous experiments with this paradigm, no effect
of gender and education on concrete or abstract priming
was found. Similarly, a systematic effect of the various
target words within each condition on the reaction
time could be excluded.63

Furthermore, a computerized version of the Continu-
ous Performance Test (CPT)78 was used to assess concen-
tration in the patients because concentration might act as
a moderator variable and should be controlled.

Statistical Analyses

Besides standard descriptive statistics, various inference
statistical procedures were applied. The effect of the
drug treatment on hormone levels and on test perfor-
mance was assessed using random-effect regressions
with a dummy variable for drug (0 = no, 1 = yes) and
time (0 = first assessment, 1 = second assessement) and
a random effect for each patient as explanatory variables.
To test whether concentration affects verbal abilities and
priming performance, the CPT d-prime index was in-
cluded as a covariate in the random-effect regression
in a second step. The statistics were calculated using
the statistical program Stata 9.2.79

With the crossover design applied, 19 patients, 2-sided
testing, and a significance level of 5% an effect size of
1 within-patient SD can be detected with a probability
of 83%. This is a small effect size because even without
any effect, the probability that 2 consecutive measure-
ments of one patient differ by more than 1 within-patient
SD is 48%.

Results

Hormone Parameters

First, the experimental manipulation of estradiol was
evaluated. Three patients showed higher estrogen plasma
concentrations in the placebo phase than in the active
drug phase and were therefore excluded from the analy-

ses. Table 1 shows the hormone parameters during
the active drug and placebo phases. As expected, 17b-
estradiol was significantly higher during the active
drug than during the placebo phase (P < .001); during
the active drug phase estradiol was within the normal
range, during the placebo phase far below the lower limit
of the normal range.72,80

In addition, the values for LH, FSH, and PRL were
significantly different under active drug and placebo
phases. As expected, both gonadotropins increased
when estrogen replacement was interrupted and/or pla-
cebo was administered. However, LH was far below
the lower limit of the normal range under both condi-
tions. PRL was far above the normal range under both
conditions as expected under medication with predomi-
nantly conventional antipsychotics. A significant time ef-
fect was only shown for PRL. In contrast to the
aforementioned hormones, testosterone and DHEA-S
show no difference under active drug and placebo condi-
tions, and under both conditions these parameters were
within the normal range.

Comprehension of Metaphoric Speech and Verbal
Abilities

There was a statistically significant effect of estradiol on
metaphoric priming (P = .013). This means that the met-
aphoric meaning was more rapidly activated under estro-
gen replacement than under placebo. In contrast, no
significant differences were observed in the concrete
priming between the 2 conditions (table 2).
These findings correspond to results reported by Spitzer

et al63 in a group of 35 patients with schizophrenia
(24men, 11women;mean age = 34.4 years, SD = 12.4 years)
and a group of 43 healthy controls (13 men, 30 women;

Table 2. Results of the Tests for Assessing the Comprehension of
Metaphoric Speech, Verbal Ability (LPS 1 þ 2, 5, 6), and
Concentration (CPT) in Women With Schizophrenia (n = 19)
Under Active Drug (Estrogen Replacement) and Placebo
Conditions—Mean Values and SDs (M 6 SD); Differences
Between Active Drug and Placebo Conditions, and the Effect of
Time (Practice Effect) Were Calculated by Means of Random-
Effect Regression Analysis

Tests Active Drug Placebo P

Abstract priming (ms) 60.6 6 95.53 �7.1 6 108.5 .013
Concrete priming (ms) 65.4 6 170.0 34.4 6 142.0 .400
LPS 1 þ 2 (verbal factor) 37.9 6 17.9 39.3 6 16.9 .294
LPS 5 (word recognition) 20.2 6 11.1 18.4 6 10.7 .253
LPS 6 (word fluency) 31.9 6 11.5 32.8 6 10.4 .450
CPT (d-prime index) 4.87 6 1.25 4.57 6 1.40 .149

Note: LPS, Leistungsprüfsystem; CPT, Continuous
Performance Test.
The P values in the table are the results of Wald tests of the drug
effect.
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mean age = 28.1 years, SD = 10.8 years). The patients in
this trial showed a mean abstract priming effect of �17.5
milliseconds (SD = 113.4 milliseconds) that is close to the
results in our study; in contrast, the group of healthy con-
trols showed amean value of 15.5 milliseconds (SD = 56.5
milliseconds). The concrete priming effect amounts to
27.5 milliseconds (SD = 90.1 milliseconds) and/or 25.1
milliseconds (SD = 54.9 milliseconds), respectively. How-
ever, this comparison does not account for the fact that
both sexes were included in the trial by Spitzer et al.63

No statistically significant difference was found for any
of the verbal ability tests under the estrogen and placebo
conditions. Furthermore, estrogen replacement had no
effect on the concentration measured by the CPT. No
learning effect was found for any of the LPS subtests,
CPT, or concrete and abstract priming, except for LPS
5 (P = .009). The addition of concentration as a covariate
had no effect on abstract or concrete priming, LPS 1þ 2,
and LPS 5. Only the performance on LPS 6 was signif-
icantly influenced by concentration (P = .007).

Discussion

In a previous study by Bergemann et al49 in women suf-
fering from schizophrenia, during a naturalistic mainte-
nance therapy with adjuvant antipsychotics, estradiol
treatment did not show any significant, additional effect
on psychopathology measured by the Positive and Neg-
ative Syndrome Scale,81 the BPRS,75 the Clinical Global
Impressions,82 and the Beck Depression Inventory83 in
a German version.84 The overall condition was assessed
by using a 100-mm Analogue Scale. Neither the required
antipsychotic doses nor the side effects measured by var-
ious standardized scales differed between the 2 phases.
In contrast, in the present study a significant effect of

estrogen on the comprehension of metaphoric speech
and/or concretism, a main feature of schizophrenic
thought and language disturbance, was found. However,
the verbal ability tests and concentration as measured by
the CPT did not show a significant difference between the
estrogen and placebo conditions.
The results regarding the effect of estrogen on ‘‘con-

cretism’’ are in line with our hypotheses; however, the
expected effect of estrogen on word fluency and verbal
performance could not be confirmed.
Only a few other trials studying neuropsychological

performance in women with schizophrenia have used
physiological hormonal changes during the menstrual cy-
cle as an independent variable,40,85–87 and to our knowl-
edge our study is the very first one to be based on an
estrogen intervention strategy. In addition, it is the first
time that the effect of estrogen on metaphoric speech
comprehension has been investigated in such a context.
The findings of the aforementioned studies are incon-

sistent. Thompson et al85 found, as hypothesized, that
patients with schizophrenia and healthy controls perform

better on spatial tasks in the low estrogen phase of the
menstrual cycle (follicular phase); however, no effect of
estrogen was found in regard to verbal and articulatory
motor tasks. In contrast to these findings, Hoff et al86

discovered that higher levels of estrogen over a 4-week
period correlated with better cognitive performance
in language, executive functioning, verbal memory, spa-
tial memory, concentration/speed, and perceptual speed
in a group of women suffering from schizophrenia.
Halari et al40 investigated the effects of serum levels of
gonadal hormones and cortisol on neuropsychological
functioning—attention, verbal abilities, language, mem-
ory, executive functioning, motor, and speed of informa-
tion processing—and psychopathology in female and
male patients suffering from schizophrenia. They did
not find significant sex differences in any of the cognitive
tests, and except for a moderate inverse correlation be-
tween estrogen and positive symptoms, no other correla-
tions were found between estrogen and any of the
cognitive measures and symptom scores. In contrast to
these findings, Ko et al87 found lower levels of estrogen
associated with more severe negative symptoms and re-
duced performance in cognitive function, especially ver-
bal performance and executive functioning, in 35 women
of reproductive age suffering from schizophrenia. The
reason for the inconsistency may be the differences in
methodology, such as the assessment of cognitive func-
tioning and psychopathology, or differences in the sam-
ples and the small sample sizes.
In our study, we did not find an effect of estrogen on

verbal abilities either; however, bymeans of a sophisticated
experimental assessment we found an effect of estrogen on
the comprehension ofmetaphoricmeaning in this group of
women with schizophrenia. Because improvement in for-
mal thought disorders and language disturbances is crucial
for social interaction and therefore for social integration
of patients with schizophrenia, the results may be of par-
ticular interest.88 Lysaker et al89, eg, have shown that
concretism and cognition impairments measured by the
Gorham Proverb Test71 and/or the Wisconsin Card Sort-
ing Test90, respectively, are associated with a reduction in
the clinical effects of rehabilitation. Further studies pro-
vide empirical evidence for the association between con-
cretism measured with the Gorham Proverb Test and
difficulties in social integration.91–93

However, there are limitations to this study. The nat-
uralistic design of our study allowed all different antipsy-
chotics and other psychotropic drugs at various doses.
The naturalistic medication given might rule out an effect
of estrogen on some of the cognition tests. Thirteen
patients of our sample received atypical antipsychotics;
evidence is provided in the literature that atypical
antipsychotics improve cognition in patients with schizo-
phrenia to a greater or lesser extent compared with con-
ventional antipsychotics. However, more recent studies
did not find such a difference between conventional
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and atypical antipsychotics or any differences between
the atypical antipsychotics.94–96

A further limitation of this study was the small size and
the broad age range of the sample; the latter is particularly
relevant because performance in neurocognitive tasks is
likely to be age dependent. Nevertheless, the data pre-
sented here clearly indicate that changes in estrogen levels
have a significant impact on concretism in women with
schizophrenia. The question of possible age effects should
be addressed in further studies on this topic.

Furthermore, the effects of these various medications
on reproductive hormones were not controlled. However,
it is well known that conventional and some of the atyp-
ical antipsychotics have a PRL-raising effect.97 In our
sample, 11 patients received PRL-raising antipsychotics
and 8 PRL-sparing antipsychotics. Due to hypothalamic
feedback mechanisms, hyperprolactinemia induce hypo-
estrogenemia. In addition to this mechanism, there is ev-
idence for a primary hypoestrogenemia in women with
schizophrenia.74 Furthermore, potential effects of estro-
gen on PRL must be discussed as regards the differences
in the PRL levels during estrogen and placebo phases.98

The data on this issue, however, are controversial. Some
studies have shown that estrogen-containing oral contra-
ceptives can indeed cause hyperprolactinemia in percen-
tages ranging from 13% to 30% of treated women; others
have shown either a minimal or no increase in PRL levels.
In contrast, most studies have shown either no or a min-
imal effect of estrogen replacement therapy on PRL levels
after oophorectomy or at menopause.98

In addition, it is not yet clear whether the paradigms
used for assessing verbal abilities or their operationaliza-
tions are appropriate for the hypotheses in question. Fur-
ther studies on the topic presented here should elucidate
these unresolved issues.

Estrogen-dependent neuropsychological performance
and/or formal thought disorders could be of particular
interest because women with schizophrenia frequently
suffer from hypoestrogenism.74 Previous studies sug-
gested that estradiol has specific antipsychotic-like effects
on the symptoms of schizophrenia, and an estrogen sup-
plement might be effective for treatment and prophylaxis
in a subgroup of women suffering from schizophrenia.
Therefore, our results may have implications for the
treatment of patients with schizophrenia receiving ad-
junctive estrogen replacement therapy. Hence, it may
be worthwhile to further investigate the therapeutic pos-
sibilities of estrogen. Due to potential side effects and
contraindications, particularly addressed in theWomen’s
Health Initiative study,99–103 the individual risk and ben-
efit should be assessed and taken into account.
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